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 Immediate laparoscopic common bile duct exploration (LCBDE) was performed after failed EST.
 Routine cholecystectomy was performed after failed EST.
 Primary closure of choledochotomy following EST is safe and feasible.a r t i c l e i n f o
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Background: The aim of this study is to evaluate the safety and feasibility of laparoscopic common bile
duct exploration and primary closure of choledochotomy for the patients with common bile duct stones
(CBDS) who failed in endoscopic sphincterotomy (EST).
Methods: Between January 2007 and June 2012, a total of 78 patients who subjected to endoscopic
retrograde cholangiopancreatography (ERCP) and EST, but failed in endoscopic stone extraction, were
referred to us. The following day, laparoscopic cholecystectomy, laparoscopic common bile duct explo-
ration (LCBDE) and primary closure of choledochotomy were performed in all patients.
Results: No intraoperative complications were experienced in the patients. 6 patients required conver-
sion to open cholecystectomy due to impacted stones. The mean operative time was 145 min. The mean
postoperative hospital stay was 6d. All the patients achieved successful stone clearance. 13 cases had
slight bile leaks, which resolved spontaneously. None of the patients experienced biliary peritonitis,
biliary ﬁstula, pancreatitis, or cholangitis.
Conclusion: If it is performed by experienced laparoscopic surgeons, primary closure following imme-
diate laparoscopic common bile duct exploration (LCBDE) is safe and feasible for patients with CBDS who
fail in endoscopic stone extraction.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Background
The last 20 years have seen major developments in the man-
agement of choledocholithiasis. The approach to routine treatment
of CBDS is preoperative endoscopic retrograde chol-
angiopancreatography (ERCP) with endoscopic sphincterotomyZhou), hnjsycwxd@163.com
by Elsevier Ltd. All rights reserved(EST), followed by laparoscopic cholecystectomy. Primary closure of
common bile duct has been proven to be a safe and feasible
treatment after common bile duct exploration, and gained wider
acceptance [1e3]. However, the patient failed in endoscopic stone
extraction is usually subjected to a common bile duct exploration
with a common bile duct drain [4,5]. There is not adequate infor-
mation on the practice of primary closure following LCBDE in cases
of endoscopically irretrievable stones in the literature. The purpose
of this study was to present our early experience with primary
closure of common bile duct, particularly in cases of unsuccessful
ERCP and sphincterotomy..
Table 2
Reasons for failed endoscopic stone extraction.
Reasons No. (%)
Stones greater than 1.5 cm in diameter 25 (32%)
Impacted stones 11 (14%)
Remaining stones after multiple endoscopic attempts 22 (28%)
Multiple stones combining dilated bile duct (diameter > 1.5 cm) 15 (19%)
Tortuous ducts 5 (6%)
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From January 2007 and June 2012, a total of 930 patients
referred to our institution for management of bile duct stones by
ERCP/EST were prospectively studied. We included 78 patients,
who subjected to ERCP and sphincterotomy, but failed in endo-
scopic stone extraction. Datawere collected prospectively (Table 1).
The 78 patients with no previous operations, 35 male and 43 fe-
male, median age ¼ 65 years (range ¼ 43e90 years), were docu-
mented the presence of CBD stones and diameter of CBDs with
preoperative ultrasonography and magnetic resonance chol-
angiopancreatography (MRCP). Comorbid conditions, presenting
symptoms; reasons for failed endoscopic extraction; operative data
containing: drains, length of stay, open conversions and compli-
cations were recorded and studied.
Endoscopic retrograde cholangiopancreatography (ERCP) was
performed via a side viewing duodenoscope with a large accessory
channel in a standard manner. Standard sphincterotomy and subse-
quent stone extractionwith basketwas performed in all the patients.
Endoscopic sphincterotomywas failed due to the stones greater than
1.5 cm indiameter in 25 cases, impacted stones in11 cases, remaining
stones after multiple endoscopic attempts in 22 cases, multiple
stones combining dilated bile duct (diameter > 1.5 cm) in
15 cases and tortuous ducts in 5 cases, respectively (Table 2). The
diameter of the common bile duct ranged from 1.1 cm to 2.2 cm in
the patients.
After ERCP/EST, the patients accepted antibiotics (Cefoxitin so-
dium 2 g/day and Ornidazole 1 g/day). Twelve hours after the
process, laboratory testing for hemoglobin and amylase was per-
formed. There were no obvious differences between pre and post
ERCP/EST in the patients.
The following day, the patients underwent laparoscopic chole-
cystectomy and common bile duct exploration. Laparoscopic cho-
lecystectomy was performed using a standard four-port technique
with carbon dioxide pneumoperitoneum at 14 mmHg pressure. A
10-mm trocar was inserted in the umbilicus. Another 10-mm trocar
was placed in the subxiphisternum. Two 5-mm trocars were placed
on the right upper quadrant 2 cm below the costal margin along the
anterior axillary and mid-clavicular lines, respectively. A 30video-
laparoscope (Stryker, USA) was used and placed through the um-
bilical trocar. We dissected the Calot's triangle, and double clipped
the cystic artery. Gallbladder was left in situ and used for retraction
until LCBDE was completed. The common bile duct was identiﬁed
by touching the stones or needle aspiration of bile from the duct,
and thenwas exposed directly: a longitudinal choledochotomy was
made with curved microscissors in the supraduodenal part of the
CBD. LCBDE was performed upon conﬁrmation of CBDS based onTable 1
Patient gender, comorbid conditions and clinical presentation.
Parameter No. (%)
Gender
Female 43 (55%)
Male 35 (45%)
Comorbidities
Hypertension 8 (10%)
Diabetes mellitus 11 (14%)
COPD 2 (2.6%)
Overall comorbidity 15 (27%)
Presenting complaints
Abdominal pain 70 (90%)
Jaundice 30 (38%)
Cholangitis 12 (15%)
Pancreatitis 6 (8%)
Cholecystitis 23 (30%)the choledochoscope (Olympus, Tokyo, Japan). A Dormia retrieval
basket was used in conjunction with the choledochoscope to clear
the stones located. After all stones were extracted and clearance of
the CBD was conﬁrmed with choledochoscopy, common bile duct
was closed using 4/0 vicryl with interrupted sutures. A nonsuction
drain was placed in the gallbladder bed. It was removed when the
drainage was less than 20 ml. No common bile duct drain was
routinely used in all the CBD exploration patients. After LCBDE, the
patients continued the course of antibiotics therapy. We stopped
antibiotics on the second day after removal of the drain.
3. Results
The age of the patients ranged from 43 to 90 years (mean 65
years) and 43 of them were women .The patients with acute
pancreatitis, cholangitis and jaundice were treated before the
endoscopic operation correspondingly. 72 cases were underwent
laparoscopic operation, and 6 cases was converted to an open
operation due to impacted stones. Procedures included laparo-
scopic or open cholecystectomy, laparoscopic or open common bile
duct exploration and primary duct closure at choledochotomy. The
mean operative time was 145 min (range, 100e260 min), the mean
postoperative hospital staywas 6 d (rang, 3e11 d) andmean time of
nonsuction drainage was 5 d (rang, 2e9 d). The number of removed
stones ranged from 1to 8 and the diameter of the stones ranged
from 1 to 3.0 cm. The nonsuction drain was removed when the
drainage was less than 20 ml. There were no complications due to
trocar placement. There were no mortality, postoperative bleeding,
biliary peritonitis, biliary ﬁstula, pancreatitis in any of the 78 cases.
13 cases had slight bile leaks (drainage less than 150 ml/day),
among which 12 cases happened in the patients with laparoscopic
operation. Bile leaks resolved spontaneously with the drain in
position.
4. Follow-up
Postoperative ultrasonography was performed in the patient
every 3 months. No patients experienced pancreatitis, or retained
or recurrent stones anastomotic stricture and cholangitis during a
mean follow-up period of 18 month.
5. Discussion
Common bile duct stones are commonly managed by ERCP/EST,
followed by laparoscopic cholecystectomy in the past 20 years.
ERCP/EST followed by stone extraction with a basket or balloon
catheter represents standard endoscopic therapy for CBDS. Beyond
any reasonable doubt, the process is an important preoperative
adjunct in lots of patients with choledocholithiasis, especially for
those patients with retained stones [6,7]. Successful endoscopic
treatment is possible in most of patients and in experienced hands
duct clearance can be achieved in over 90% [8e10], though more
than 25% of the patients requires two or more ERCPs [8,11].
Previous operations, cholangitis, anatomic abnormalities, stone
impaction, diameter of common bile duct and size of stones were
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If ESE fails, open or laparoscopic exploration of CBD with a CBD
drain and biliary-enteric anastomosis are acceptable options as
salvage procedures. Lots of studies have provided strong evidence
that LCBDE with T-tube drainage is safe and effective in achieving
stone clearance in the patients failed in endoscopic stone extraction
[4,5]. However they tend to have an elective LCBDE.
In our opinion, laparoscopic cholecystectomy and primary
closure following LCBDE remains the feasible procedure for the
patients failed in ESE. As demonstrated in our study, our stone
clearance rate using LCBDE was 92.3% (72 out of 78 patients). There
were no intraoperative complications in the patients. 12 cases had
slight bile leaks, which resolved spontaneously with the drain in
position. Papillary edema or biliary obstruction by hemorrhages
from the process of the CBDE and sphincterotomy plays an
important role in the patients with biliary leak. It was believed that
a common bile duct drain could decrease intraductal pressure by
draining bile until papillary edema and biliary obstruction resolve,
thereby preventing bile leaks. T-tubes remain the preferredmethod
of duct drainage following LCBDE. However, there are numerous
reports of complications associated with the use of T-tubes,
including ﬂuid and electrolyte disturbances, sepsis, premature
dislodgement, bile leak, localized pain, biliary peritonitis, pro-
longed biliary ﬁstulae and late biliary stricture. It is worth noting
that presence of T-tube does not prevent bile leaks as they occur
both when it is still in situ and after its removal [14,15].
Immediate LC and primary closure of choledochotomy following
LCBDE were used in all our patients for the following reasons:
1. Nowadays, it is a tendency for surgeons to favor primary closure
of the CBD. Ali Alhamdani et al. [16] suggested that primary
closure of choledochotomy could be performed in emergency
situations, such as obstructive jaundice, acute pancreatitis and
failed ERCP. However, primary duct closure is not performed in
the patients with failed ERCP/EST for following reasons: 1.
spasm or edema of sphincter could appear after the trauma of
CBDE, 2. cholangitis may occur after ERCP in patients with ma-
lignant biliary obstruction or failed drainage, 3. failure to drain
may result in leakage, cholangitis, or disruption of duct closure
with biliary peritonitis. One of the possible consequences of
primary closure of the CBD is papillary edema or biliary
obstruction which leads to an increase in pressure within the
biliary tree, then increasing the risk of biliary leak through the
choledochotomy [17]. But, after sphincterotomy, the pressure of
sphincter is signiﬁcantly lower, which is highly advantageous to
CBD drainage. In the meantime, dilatated common bile duct
alleviates the growth of pressure within the biliary tree. In our
opinions, it is feasible for primary closure of the dilatated CBD
(diameter >1.0 cm) in the patients after sphincterotomy. It is not
recommended to use primary closure in cases with CBD di-
ameters less than 10 mm, because of the high risk for anasto-
motic stricture [4] and subsequent complications.
2. The prevalence of CBDS in patients with cholecystitis varies
from 8 to 16%. Cholecystitis may occur in the patients with
gallbladder in situ after sphincterotomy. Factors predictive of
choledochal complications after EST include: a dilated bile duct,
in situ gallbladder and small sphincterotomy and so on. More
and more surgeons recommend that patients with chol-
edocholithiasis, EST followed by routine cholecystectomy
should be encouraged before the development of biliary com-
plications [18,19].
3. ERCP alone or with associated pancreatic and biliary therapy
could cause a series of complications, such as pancreatitis,
hemorrhage, cholangitis, and perforation. Prospective reports
have shown that an overall short-term complication rate ofERCP is approximately 5%e10% [20e23]. However, there is a
consistently low complication rate for routine bile duct stone
extraction (<5%) [20]. Among patients underwent LC, preoper-
ative ERCP/EST has been associated with more frequent intra-
operative and postoperative complications and conversion to
open surgery [24],which suggests that further biliary events
may occur, leading to inﬂammation or adhesions that increase
the difﬁculty of the laparoscopic procedure during the interval
between ERCP/EST and following LC. The time interval between
ERCP and following laparoscopic procedure has been investi-
gated, with one study outcomes that early LC (within 72 h)
appears to be safe and might prevent the majority of biliary
events in this period of following sphincterotomy [25,26].
Beyond above points, in presence of antibiotics, we adminis-
tered LC and LCBDE for the patients the following day.
4. Tran-cystic laparoscopic CBD exploration was not used in our
patients due to the complicated situations, such as multiple,
large, or impacted CBD stones, dilated bile duct and tortuous
ducts.
In conclusion, laparoscopic common bile duct exploration and
primary closure of choledochotomy is a safe and feasible procedure
in the cases failed in endoscopic stone extraction.Author disclosures
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